Is DNA damage the signal for induction of thermal resistance? induction by radiation in yeast.
Yeast, as well as higher eukaryotes, are induced to increase thermal resistance (thermotolerance) by prior exposure to a heat stress. Prior exposure to an acute dose of either 60Co gamma or 254-nm ultraviolet radiation, at sublethal or fractionally lethal doses, is shown to cause a marked increase in the resistance of Saccharomyces cerevisiae to killing by heat. Following a radiation exposure, thermal resistance increased with time during incubation in nutrient medium, and the degree of resistance reached was proportional to the dose received. Partial induction by radiation followed by maximum induction by heat did not produce an additive response when compared to a maximum induction by heat alone, suggesting that the same process was induced by both heat and radiation. Irradiation with 254-nm uv light followed by an immediate, partial photoreversal of the pyrimidine dimers with long-wavelength uv light resulted in a reduced level of resistance compared to cells not exposed to the photoreversal light, indicating that the cells specifically recognized pyrimidine dimers as a signal to increase their thermal resistance. Exposure to 254-nm uv or ionizing radiation induced thermal resistance in mutants defective in either excision repair (rad3, uv-sensitive) or recombinational repair (rad52, gamma-sensitive), suggesting that recognition and repair of DNA damage by these systems are not a part of the signal which initiates an increase in resistance to heat. The amount of induction, per unit dose, was greater in the DNA repair-deficient mutants than in the wild-type cells, suggesting that an increase in the length of time during which damage remains in the DNA results in an increase in the effectiveness of the induction. These data indicate that types of DNA damage as diverse as those produced by ionizing radiation and by ultraviolet light are recognized as a signal by the yeast cell to increase its thermal resistance. It is therefore suggested that heat-induced alterations in DNA or in DNA-dependent chromosomal organization may be the signal for heat induction of thermotolerance in this and other eukaryotes.